New Experiments on Shear Properties of Fibre-concrete  by Ráček, Václav et al.
 Procedia Engineering  151 ( 2016 )  249 – 256 
Available online at www.sciencedirect.com
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICEBMP 2016
doi: 10.1016/j.proeng.2016.07.368 
ScienceDirect
International Conference on Ecology and new Building materials and products, ICEBMP 2016 
New experiments on shear properties of fibre-concrete 
Václav Ráþeka, Lukáš Kadleca,*, Vladimír KĜísteka, Jan. L. Vítekb 
aFaculty of Civil Engineering, Czech Technical University in Prague, Dept. of Concrete and Masonry Structures, Thákurova 7, 166 29 Praha 6, 
Czech Republic 
bMetrostav a.s., Koželužská 2246, 180 00 Praha 8, Czech Republic  
Abstract 
Concrete reinforced by dispersed fibres (or simply fibre-concrete) is relatively new material. The motivation for adding fibres 
into concrete is to reduce natural brittle character of concrete. The biggest benefit of dispersed reinforcement is in its positive 
influence on fracture energy and ductility. The behaviour of fibre-concrete exposed to bending moment (or combination of 
bending moment and shear force) was investigated many times and it is well understood. Nevertheless, none of realized 
experiments investigated the performance of fibre-concrete in pure shear mode. In this context, it should be noted that in many 
real applications fibre-concrete is affected by significant shear forces. In order to remedy this situation, the new arrangement of 
experiment was proposed: large-scale tubes to which pure torsion is applied. In thin walls of designed simply supported tubes the 
pure shear is produced by application of torque. During experiments, not only ultimate shear strength was measured, but also the 
descending post-peak curve of transmitted stress was observed. These results enable to derive the stress–strain relation in the 
whole range of stress-strain diagram in the pure shear mode. 
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1. Introduction 
Concrete is the most widely used construction material in the world. Individual components of this composite 
material were significantly upgraded through the last 100 years. 
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Concrete evolution beneficially influenced its mechanical and technological properties and extended the concrete 
durability. However, the brittle character of concrete is still one of the weakest points of this material. In order to 
improve this disadvantage, the dispersed reinforcement with sufficiently high Young modulus is applied.  
By adding dispersed reinforcement the brittle character is reduced and concrete gain ability to carry load after 
crack propagation. This phenomenon is documented by increase of fracture energy. Many researchers focused on 
this topic [1,2]. 
Real applications of fibre-concrete are frequently arranged to carry shear forces. Unfortunately, no realized 
experiment investigated the performance of fibre-concrete in pure shear mode without any flexural effects. 
Realization of these specific conditions in case of prism beam, loaded by vertical transverse load, is not feasible. In 
such an arrangement, the shear is always accompanied by bending effects. From the theoretically strict point of 
view, the pure shear is obtained only in the region of neutral axis. However, until now, the realized experiments 
investigating shear behaviour of fibre-concrete were based on beam type experiments only [3,4,5].  
For the full understanding of fibre-concrete performance, it is necessary to carry out the pure shear experiments. 
Moreover, advanced nonlinear analysis of quasi-brittle materials employs constitutive laws describing the complex 
material behaviour. The newly proposed experiments enable calibrating these sophisticated material laws. 
Beam loaded by transverse load does not allow realization of pure shear mode, so it was proposed special 
arrangement of the experiment. The appropriate solution proved to be to large-scale thin-walled tubes loaded by 
torsion moment. The torque is induced by couple of opposite forces applied at cantilevers which are monolithically 
connected and perpendicularly oriented to the tube. 
The experimental fibre-concrete tubes are of constant thickness and of constant radius along the entire length, so 
shear flows are in individual cross-sections identical. Effort was to design thin-walled tubes with large radius in 
order to ensure nearly same stress in inner and outer side surface of the tube. This requirement was hardly to satisfy 
because of technology limits. The minimal thickness of a concrete tube must respect the size of used fibres. Larger 
fibres demand thicker wall (ideally more than 1.5 times of fibre length) in order to avoid oriented fibres in concrete. 
These opposed requirements resulted in the subsequent solution. 
2. Arrangement of the specimen 
The whole specimen is manufactured monolithically. Fibre-concrete specimen consists of the middle part (the 
tube) and the end parts (cantilevers perpendicular to the tube axis). Cantilevers enable to support the specimen and 
also to introduce the torque. The specimen is placed in horizontal position. 
Each cantilever is loaded by a couple of inverse forces producing torsion effects in the tube (one force is action 
from hydraulic jack and 3 other ones are reactions). It was necessary to arrange boundary conditions of statically 
determinate structure in order to avoid restrained torsion that is accompanied by additional stress in tubes. In Figure 
1, the scheme of specimen including reactions from supports is drawn. Support A represents a hinge capable to move 
in the y direction. Support B is elastic bearing, which allows x-axis displacement. Support C is realized by a rod 
transmitting only vertical tension. 
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Fig. 1. Specimen supports. 
 
 
 
  
Fig. 2. Specimen during testing (visualization/realization). 
3. Manufacture of the specimen 
Due to complexity of specimen and reinforcement, the mould was oriented in vertical position and concrete 
placing was divided into two steps. Firstly, the bottom cantilever was filled by concrete and then it was continued to 
place concrete from the upper part (see Fig. 3). The mixture of concrete was designed to fulfil the requirement of 
easy workability (nearly self-compacting concrete). The tube is during testing under homogeneously distributed 
stress in the entire length, so no discontinuities in concrete are acceptable for relevant results. No body cavities and 
perfect surface was ensured (see Fig. 4).  
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Fig. 3. Concrete placing. 
  
Fig. 4. Specimen after a mould was removed. 
External mould of the tube is made from paper; the internal one is created from polystyrene cylinder (see Fig. 5). 
After the concrete solidify, the polystyrene is removed. The newly originated opening enables to put in the support 
A. Weak point of the designed specimen could be the transition region between cantilevers and a tube. To avoid 
damaging of concrete in this connection, the transition region was reinforced. These short reinforcing bars securing 
continuity between the tube and cantilevers differs in their length, so the change of stiffness is more continuous.    
The specimens were equipped by transport anchors (see Fig. 4). 
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Fig. 5. Tube drawings (sections through tubes).       
4. Experimental testing 
Load using displacement control is transferred from hydraulic jack into concrete tube through the cantilever. The 
couple of opposite forces is originated on each side of the tube due to appropriate arrangement of supports. This 
couple of forces produces the torsion moment in the tube. Load is applied by strain increments. The aim is to obtain 
the relation between the torsional moment and the angle of twist including the post-peak part of the torque-twist 
diagram. During experimental testing, the displacements of tube surface are monitored by the strain gauges attached 
to the tube surface (see Fig. 6). In the initial elastic part of stress-strain diagram the angels of twist between adjacent 
gauges are constant. When the ultimate shear strength is reached, the crack suddenly propagates through the entire 
tube. The direction of crack is perpendicular to principal tensile stress, so it is inclined at 450 to tube axis (see Fig. 
7). Then the magnitude of transmitted load immediately decreases. Fibres carry forces in the initiated crack and 
enable additional strain loading. The final result of the experimental study is the true relation between shear stress 
and shear strain of fibre-concrete. 
 
 
 
Fig. 6. Experimental setup. 
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Fig. 7. Inclined crack. 
5. Results and discussion 
5.1. Stress-strain dependence for shear regime 
The loading process is controlled by twist (the angle of twist I ) produced by the loading couple and 
corresponding torque (the torsional moment tM ) is recorded. The angle of twist per unit length T = Iw / xw is 
calculated and values of the torque tM  as a function of T  can be plotted. Typical shape of the tM - T  diagram is 
shown in Fig. 8. 
 
 
Fig. 8. Dependence between torque and angle of twist per unit length. 
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The shear stress W  can be calculated according the well-known formula (1). This formula is based on the 
assumption of the thin-walled character of the problem. 
At
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2
 W                                                                                             (1) 
A is the area enclosed by the cross-section centre-line (in our case 2rA S ), t is the thickness of the experimental 
tube wall and r is the radius of the centre-line of the cross-section. 
The shear strain J  of the middle surface is generally determined by relation 
x
v
s
u
w
w
w
w J                                                                                           (2) 
where v is the displacement of a cross-section point in the direction of the tangent to the centre-line of the cross-
section (i.e. in the direction of the co-ordinate s) and u is the warping of the cross-section. 
Since the cross-sections under pure torsion rotate as units about the axis of the tube, it can be written 
rv  I                                                                                              (3) 
And regarding that no warping u at the axisymmetric tube cross-section arises, the shear strain is simply 
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Appling the Equations (1) and (4), we can from the tM  - T  dependence (Fig. 7) derive the corresponding W -J  
dependence, which is plotted in Fig. 9. 
 
Fig. 9. Dependence between stress and strain in pure shear mode. 
5.2. Biaxial stress failure criterion of concrete 
Results of the experiments enable to derive the dependency between ultimate strength of different failure modes. 
Typically, the ratio between ultimate tensile and shear strength can be explicitly obtained. Such knowledge can help 
to calibrate the biaxial failure criterion of concrete. Recently, there exist several models for description of failure 
surface. On Fig. 10 the failure function according to Kupfer [6] is depicted. 
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Fig. 10. Biaxial stress failure criterion for concrete. 
6. Conclusions 
Fibre–concrete is a modern material, which becomes more popular in a design practice. Despite the fact, that it is 
applied to carry some portion of shear forces, it hasn´t been properly experimentally examined yet. Existing shear 
experiments are of beam character, thus the shear is necessarily accompanied by flexural effects. The proposed 
experiments enable to observe mechanical characteristics of fibre-concrete in the pure shear mode. No additional 
and undesired stresses affect the entirely shear character of the experiment. The aim is to measure not only the 
ultimate strength but also the descending post-peak of the torque-twist diagram. This descending part of the diagram 
is very informative for composites with fibres. Experimental results bring new and important information essential 
for comprehensive understanding of fibre-concrete. 
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